Martinez-Dominguez et al. BMC Medica| Education
BMC Medical Education (2022) 22:456

https://doi.org/10.1186/512909-022-03499-0

RESEARCH Open Access

e e . ®
Antibiotic prescription errors: s

the relationship with clinical competence
in junior medical residents

Joshua Martinez-Dominguez'?, Octavio Sierra-Martinez?, Arturo Galindo-Fraga® Juan Andrés Trejo-Mejia?,
Melchor Sanchez-Mendiola', Eric Ochoa-Hein*, Mirella Vazquez-Rivera®, Carlos Gutiérrez-Cirlos®’,
Jesus Naveja® and Adridn Martinez-Gonzélez'*'%"

Abstract

Background: A large portion of prescribing errors can be attributed to deficiencies in medication knowledge. These
errors are preventable and most often occur at the time of prescription. Antimicrobials are the drug class most com-
mon incorrectly prescribed.

Objective: To characterize the relationship between clinical competence and antibiotic prescription errors. We also
investigated the frequency and severity of antibiotic prescription errors to identify items and attributes of clinical
competence which are correlated with the antibiotic prescription error ratio.

Method: A cross-sectional study was applied to assess clinical competence of junior medical residents in two refer-
ence academic hospitals and a regional hospital in Mexico City. It was conducted during February 2019. We used an
infectious disease Objective Structured Clinical Examination (OSCE) to assess clinical competence and a measure of
frequency, and severity of antibiotic prescription errors.

Results: The number of eligible participants was ~ 255 (hospital meeting attendance), and the number of residents in
this study were 51 (~20%), 31 were female (60.8%). The mean OSCE score was 0.692 £ 0.073. The inter-item (Cron-
bach’s alpha=0.927) and inter-station internal consistency was adequate (Cronbach’s alpha=0.774). The G coef-
ficient in generalizability theory analysis was 0.84. The antibiotic prescription error ratio was 45.1% 4 7%. The most
frequent category of severity of antibiotic prescription errors was category E (errors that may contribute to or result

in temporary harm to the patient and require intervention), 235 (65.2%). We observed a negative and significant
correlation between clinical competence and antibiotic prescription errors (r=-0.33, p < 0.05, CI95% -0.57 to -0.07),
which remained significant after controlling for the effect of gender and time since graduation from medical school
(r=-0.39,p<0.01, Cl95% -0.625 to -0.118). Using exploratory factor analysis we identified two factors, which explained
69% of the variance in clinical competence, factor 1 evaluated socio-clinical skills and factor 2 evaluated diagnostic-
therapeutic skills. Factor 2 was correlated with antibiotic prescription error ratio (r=-0.536, p <0.001).
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Conclusions: We observed a negative correlation between clinical competence and antibiotic prescription error
ratio in graduated physicians who have been accepted in a medical specialty. The therapeutic plan, which is a compo-
nent of the clinical competence score, and the prescription skills had a negative correlation with antibiotic prescrip-
tion errors. The most frequent errors in antibiotic prescriptions would require a second intervention.

Keywords: OSCE, Assessment, Ambulatory medicine, Antibiotics prescription, Infectious diseases

Introduction
Medical prescribing errors may be defined based on
causes, processes, and outcomes. One definition includes
all of these: “an act of omission or commission in plan-
ning or execution that contributes or could contribute to
an unintended result” [1]. Reason differentiates between
slips or lapses and errors. A slip or lapse occurs when the
action conducted is not what was intended, reflecting an
error of execution. Furthermore, a slip considered to be
is observable, whereas a lapse is not. For example, turn-
ing the wrong knob on a piece of equipment would be a
slip; not being able to recall something from memory is
a lapse. In an error, the action proceeds as planned but
fails to achieve its intended outcome because the planned
action was wrong, indicating a failure of planning. The
situation might have been assessed incorrectly, and/or
there could have been a lack of knowledge of the situa-
tion. In medicine, slips, lapses, and errors are all serious
and can potentially harm patients [2]. In addition, there
are many types of medical errors beyond those regarding
medication, such as surgical mistakes or skill deficiencies,
as well as misdiagnoses [3]. Here, we focused on pre-
scription errors, one subtype of medication errors.
Antimicrobials are the most common incorrectly pre-
scribed drug class [4—6]. The majority (80%) of antibiotic
prescribing takes place in the community and injudicious
use of antibiotics is a major factor facilitating the emer-
gence of antimicrobial resistance worldwide [7]. Never-
theless, adequate early empirical antimicrobial treatment
is relevant and is associated with a significant reduction
in all-cause mortality [8]. However, despite its impor-
tance, inappropriate initial antimicrobial therapy for
septic shock occurs in about 20% of patients and is asso-
ciated with a fivefold reduction in survival [9].
Determining the role of medication knowledge defi-
ciency as a proximal cause of errors is important in
designing error prevention strategies [5]. About 30.8%
of prescribing errors were rated clinically significant and
were most frequently related to antimicrobial orders,
primarily related to incorrect dosing, and medication
knowledge deficiency. Bobb et al. found more errors
associated with medication knowledge deficiency than
errors associated with patient knowledge deficiency
[4]. Despite a 50% decrease in preventable adverse drug
events with computerized provider order entry [10], this

system did not reduce prescription errors and may only
be a determinant in pharmacy transcription or validation
errors, as well as nursing transcription and dispensation
errors [11].

Assessment of clinical competence can be done with
different methods. Competence in medicine is defined
by Epstein as “the habitual and judicious use of commu-
nication, knowledge, technical skills, clinical reasoning,
emotions, values and reflection in daily practice for the
benefit of the individuals and communities being served”
[12] and includes a set of attributes including clinical
skills, knowledge, interpersonal skills, problem solving,
clinical judgment and technical skills [13]. Competence
is contextual, reflecting the relationship between abilities
and tasks required to perform in a real-word situation.
One of method to evaluate competence in healthcare
professionals is the Objective Structured Clinical Exami-
nation (OSCE) developed by Harden [14—18]. The relia-
bility and validity of an OSCE increases with the number
of stations, although other factors might be involved:
having a second rater, nature of items (communication
and clinical items), type of rating scale and type of exam-
iner (Standardized patient and content expert) [19].

In the United States, the assessment of medical resi-
dents, and increasingly of medical students, is largely
based on a model that was developed by the Accredita-
tion Council for Graduate Medical Education (ACGME).
This model uses six interrelated domains of competence:
medical knowledge, patient care, professionalism, com-
munication and interpersonal skills, practice-based
learning and improvement, and systems-based practice.
Although accrediting organizations specify broad areas
that curriculums should cover and assess, the ideal bal-
ance between nationally standardized and school-specific
assessment remains to be determined [12]. Some of the
components of clinical competence that are assessed by
the OSCE include: interrogation, physical examination,
laboratory and imaging tests interpretation, diagnosis
and management plan, and doctor-patient communica-
tion [20]. The relation between ACGME domains and
items in our OSCE is: 1) medical knowledge ~ global
assessment of knowledge and skills, 2) patient care—
physical examination, diagnosis, management plan,
and prescription, 3) professionalism ~communica-
tion, and patient’s assessment, 4) communication and
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interpersonal  skills ~ interrogation, communication,
and patient’s assessment, 5) practice-based learning and
improvement ~not assessed, 6) systems based prac-
tice ~ laboratory and imaging, and management plan.

The OSCE is used to evaluate medical competence at
the Faculty of Medicine of the National Autonomous
University of Mexico (UNAM). A minimum of 10 sta-
tions, which the student usually visits over the course
of 3 to 4 h, is necessary to achieve a reliability of 0.85 to
0.90. Previous OSCEs applies of UNAM in seven cohorts
achieved a reliability ranged between 0.81 and 0.93 [20].
Under these conditions, structured assessments with the
use of standardized patients are as reliable as ratings of
directly observed encounters with real patients and take
about the same amount of time [12].

Here, we characterize the relationship between clinical
competence and antibiotic prescription errors in first-
year medical residents in the settings of an OSCE. We
also measured the frequency and severity of antibiotics
prescription errors and identified items and attributes of
clinical competence which were associated with antibiot-
ics prescription error ratio.

Our hypothesis was that the antibiotic prescription
errors are related with clinical competence because
knowledge is a key component of clinical competence.
As part of a construct, knowledge may be related with
other components of clinical competence. Our research
questions were 1) What is the relationship between clini-
cal competence and antibiotic prescription errors? 2) If
clinical competence and antibiotic prescription errors
are related, to what extent does clinical competence has
influence in antibiotic prescription errors? 3) Which
items of clinical competence are related with antibiotic
prescription errors? 4) Do these items have an underlying
factor that we can estimate indirectly? And 5) How can
we measure antibiotic prescription errors with the cur-
rent tools of assessment in medical education?

Methods

Study design, participants, and settings

We designed a cross-sectional study using an OSCE and
applied it to first-year medical residents at three medical
institutions in Mexico City in February 2019, before the
beginning of the specialty courses.

Medical institutions selected were “Manuel Gea Gon-
zalez” General Hospital, “Salvador Zubirdn” National
Institute of Medical Sciences and Nutrition and the
National Institute of Pediatrics.

We invited to participate first year medical residents
from the selected institutions belonging to a direct-entry
medical specialty (General Surgery, Gynecology, Inter-
nal Medicine or Pediatrics). Residents who had>12 h
of continuous work were excluded from the study. This
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study was approved by research and ethics committees
of all three institutions: “Manuel Gea Gonzalez” General
Hospital (approval no. 39-26-2018), “Salvador Zubirdn”
National Institute of Medical Sciences and Nutrition
(approval no. 2863) and the National Autonomous
University of Mexico (UNAM) Faculty of Medicine,
(approval no. 021/PECEM/2018). The identity of the resi-
dents was anonymized by masking, pseudo-anonymiza-
tion, and aggregation. All residents signed the informed
consent document.

Objective Structured Clinical Examination (OSCE)
Instrument design

We designed an OSCE which included guidelines for
the examiner, reported by Martinez-Gonzalez et al. with
Cronbach’s alpha=0.94 [21]. Participants were assessed
in nine OSCE stations, which were dynamic, had one
rater, one standardized patient with an infectious dis-
ease clinical case including: pulmonary tuberculosis,
acute pyelonephritis, latent syphilis, community acquired
pneumonia, acute pharyngitis, acute gastroenteritis,
gonorrheal urethritis, cellulitis and acute cystitis. All
infectious disease cases were selected according to their
outpatient prevalence and the complexity of clinical case
was targeted to the knowledge level of a general physi-
cian. Each case and its related treatment were approved
by independent consensus of two Infectious Disease
physicians in active clinical practice, members of the
Mexican association for Infectious Diseases and Clinical
Microbiology. We took into consideration both the local
antibiotic resistance patterns as well as the suggested
empirical treatments as per national and international
guidelines: pulmonary tuberculosis [22—25], acute pyelo-
nephritis [26-28], latent syphilis [29-31], community
acquired pneumonia [32—34], acute pharyngitis [35-40],
acute gastroenteritis [41-43], gonorrheal urethritis [44—
48], cellulitis [49, 50] and acute cystitis [26, 27, 51, 52].

In addition, solutions to all clinical cases regard-
ing diagnosis were consistent with a medical diagnostic
decision support system (DXplain™) [53, 54]; Correct
answers regarding treatment were determined by stand-
ards of care of the most likely diagnosis in each case. All
stations were tested and improved with family medicine
residents.

Guidelines and rating scales [21] for each clinical
competence component included anamnesis, physical
examination, laboratory and imaging tests, diagnosis,
therapeutic plan, communication, and patient’s assess-
ment. Components were evaluated as follows:

+ Therapeutic plan included pharmacologic and non-
pharmacologic actions to manage the patient’s
disease from each station including vaccination,
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hygienic measures, dietary measures, changes in life-
style, pain and symptom management.

+ Assessment by the patient in each station is impor-
tant to assess interpersonal skills. This was given
from the patient by answering the question “How
does the physician makes the patient feel?” and
ranged from distrust, apathy, coldness, mistreatment
to trust, empathy, attention and kindness.

« DPrescription and global assessment of knowledge and
skills items were measured with rating scales at every
station.

+ The global assessment of knowledge and skills item
was measured by the rater criterion. The rater had
specific guidelines for each of the stations and rat-
ing considers the overall performance of the resident.
The rater can assess the knowledge of the resident
when the resident explains the disease to the patient,
whilst evaluating the procedures, and medical treat-
ment.

« The prescription item allowed the rater to assess the
quality and accuracy of the medical prescription doc-
ument, written by the junior medical resident, and
range from wrong drug to right drug in all “5 rights”
(right patient, right drug, right dose, right route, and
right time) using the information that the resident
wrote [55]. Each OSCE stations has one or multiple
solutions and they range totally erroneous solutions
to perfect correct solutions

Antibiotic prescription errors ratio was obtained with
the number of antibiotics errors in OSCE / “5 rights” per
9 stations. The rate of prescription errors was calculated
as the sum of each type of error in a single prescription
per evaluation station. Overall, the maximum number of
errors in a single prescription was 5.

Severity of prescription errors was measured by the
author of all stations, with the National Coordinating
Council for Medication Errors Reporting and Preven-
tion (NCC MERP) index, which has acceptable validity
and reliability: Agreement=67.9- 74.6%, 74% accuracy
against gold standard of actual harm agreed by panel of
experts [56].

Instrument raters

A total of eighteen volunteer raters from the Faculty of
Medicine at UNAM took part in the assessment process.
All raters were physicians and had taken an OSCE work-
shop of 15 h where they developed one OSCE station.
Raters reviewed the stations and guidelines for the exam-
iner before the test. In addition, they were updated with
antibiotic treatments of stations. Each rater used an op-
scan sheet to score each student with the rating scale. All
raters had experience with OSCE (14 raters with 10 years
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of experience and 4 raters with 3 years of experience) and
previously participated in 3—4 OSCEs each year.

Standardized patients

A total of eighteen standardized patients participated in
the examination. All standardized patients took an OSCE
workshop course of 4 h and an acting course of 4 h.
They had similar age according to clinical cases. More-
over, they were provided with a dialogue guideline that
includes patient personality. All standardized patients
had experience with OSCE (6 patients with 10 years of
experience and 12 patients with 3 years of experience). In
addition, they participated in 3—4 OSCEs each year.

Bias management

Most observational studies of prescription errors have
found no difference when adjusting the results by the
academic level of the physicians, environmental factors
at the time of prescription, or the difficulty and type of
clinical cases. This OSCE was designed to simultaneously
assess the clinical competence and prescription errors in
junior medical residents, adjusting by time elapsed since
graduation. Furthermore, we considered the local anti-
biotic resistance of etiologic agents, avoided including
fatigued physicians and restricted the access to medical
databases during the assessment process.

Following the results of other OSCEs [17, 20] which
detected sources of errors through G theory, we designed
this OSCE to achieve minimal sources of errors by
including trained examiners and standardized patients.
The source of errors can be detected with the variance
of each variable (in OSCE: examiners, versions, day of
application, and stations) that could contribute with the
observed score of a person [17]. The assessment was
applied in 2 different days depending on the institution in
the same schedule.

Statistical analysis

OSCE Rating and assessment

Guidelines for examiners had a rating scale for each
clinical competence component: 0.25, insufficient; 0.5,
adequate; 0.75, good and 1, excellent. Weighting of the
clinical competence score was anamnesis, 30%; physical
examination, 12%; laboratory and imaging testing, 16%;
diagnosis, 12%; therapeutic plan, 12%; communication,
12% and patient, 6%. Global assessment of knowledge
and prescription skills did not contribute to the overall
clinical competence score.

Internal consistency of the instrument, both inter-
station and inter-item, was measured with Cronbach’s
alpha. Cronbach’s alpha provide a measure of the internal
consistency of a test or scale. It is expressed as a num-
ber between 0 and 1. Internal consistency describes the
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extent to which all items in a test measure the same con-
cept or construct. Acceptable values of alpha range from
0.70 to 0.95 [57].

Generalizability was measured using the G coefficient.
The G coefficient measures the proportion of the total
variation produced by the variation in knowledge and
skills of the students. A higher value of G implies that the
other sources of variation are less important compared to
the variation among students. In previous OSCEs the G
coefficient was 0.51 to 0.78. We used the estimated vari-
ance components for each of the following facts: stations,
day of the assessment, medical resident and all their
interactions [17].

Relationship between clinical competence and antibiotics
prescription error
Variable distribution proportions were assessed using
Anderson—Darling, D’Agostino & Pearson, and Shapiro—
Wilk normality tests [53, 54]. To describe the relationship
between clinical competence and antibiotic prescrip-
tion error ratio we used Pearson’s correlation coefficient
and simple linear regression. Spearman’s correction
for attenuation was applied to assess the relationship
between clinical competence and antibiotic prescription
error ratio [58]. An exploratory factor analysis (EFA) was
applied to describe factors of clinical competence which
were correlated with antibiotic prescription errors, using
maximum likelihood extraction and Equamax rotation
method [59].

Data analysis was conducted using IBM SPSS 25, R and
JMP 11 SAS software.

Sample size

We performed sample size estimation prior to study
recruitment. A sample size of 49 medical residents was
estimated to be sufficient to show correlation between
the main variables with ¥=0.39, a« =0.05 and 80% of sta-
tistical power [60]. The sample size consisted of 51 medi-
cal residents.

Results

Study participants

The number of eligible participants was~255. It was
approximated with the meeting attendance of differ-
ent hospitals. OSCE was applied to 51 (~20%) medical
residents in February 2019, with a female predominance
(60.8%). Most residents were admitted to a pediatrics
residency, followed by medical genetics with a median of
7 months of graduation from medical school (IQR 5-18).
Most medical residents were from National Institute of
Pediatrics (Table 1).
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Table 1 Participating junior residents characteristics (n=>51)

Characteristic Value (%), Mean + SD
(min-max) or Median
(Q;-Q3)

Female 31 (60.8%)

Nacional Institute of Pediatrics 44 (86.3%)

“Manuel Gea Gonzélez" General Hospital 7 (13.7%)

Pediatrics 41 (80.4%)

Medical genetics 3(5.9%)

Internal medicine 2 (3.9%)

Traumatology and orthopedics 5(9.8%)

ENARM?® score 78.082£3.03 (71.7—84)

ENARM? 1 time 31 (60.8%)

ENARM? 2 times 12 (23.5%)

ENARM? 3 times 8 (15.7%)

Months after graduation from medical school 7 (5-18)

@ National Test for Aspirants to Medical Residency (ENARM)

OSCE results and reliability

Mean OSCE score was 0.692+0.073 SD (Fig. 1). Disag-
gregated mean clinical competence component scores
are: anamnesis 0.68240.091, physical examination
0.686£0.093, lab and imaging test 0.69340.099, diag-
nosis 0.686 +0.079, therapeutic plan 0.60440.097, com-
munication 0.778£0.099 and patient 0.781+£0.098. In
addition, we showed additionally measured items: pre-
scription 0.496+0.080 and Global assessment of knowl-
edge and skills 0.644+0.082. The OSCE score had a
normal distribution. The inter-item Cronbach’s alpha was
0.927 and inter station Cronbach’s alpha was 0.774. The
G coeflicient from the generalizability analysis was 0.84.

Antibiotic prescription errors

The antibiotic prescription error ratio was 0.451+0.07
SD. Higher rates of prescription errors were observed
regarding dosage, administration route and time. The
antibiotic prescription error ratio for each station is
depicted in Fig. 2. The median rate of prescription errors
from each station was: pulmonary tuberculosis 3/5,
acute pyelonephritis 4/5, latent syphilis 0/5, community
acquired pneumonia 3/5, acute pharyngitis 0/5, acute
gastroenteritis 3/5, gonorrheal urethritis 2/5, cellulitis
3/5, and acute cystitis 3/5.

The severity of antibiotic prescription errors were: cate-
gory C (errors that do not cause patient harm) in 56 cases
(15.5%); category D (monitoring required to confirm
that errors resulted in no harm to the patient or inter-
vention required to preclude harm) in 51 cases (14.1%);
category E (errors that may contribute to or result in
temporary harm to the patient and require intervention)
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Fig. 1 Clinical competence and its components in junior residents (1=>51) in an infectious disease OSCE. The score scale is 1 =Excellent,
0.75=Good, 0.5=Adequate and 0.25 = Insufficient

in 235 (65.2%); category F (errors that may contribute to
or resulted in temporary harm to the patient and require
initial or prolonged hospitalization) in 18 cases (5%). Cat-
egories A, B, G, H and I from the NCC MERP index [56]
were not considered in this study. The severity of pre-
scription errors at each station is shown in Fig. 3.

Association between clinical competence and prescription
errors
We observed an association between the clinical compe-
tence and antibiotic prescription errors (p=-0.33, 95% CI
-0.57 to -0.07, p<0.05), which remained significant after
controlling for the effect of gender and time elapsed since
graduation from medical school (p=-0.39, 95% CI -0.625
to -0.118, p<0.01). The correlation increases to p=-0.68
with the Spearman correction for attenuation [58]. Two
outliers were detected and excluded, with a 4.07 and 2.81
anomaly index.

Clinical competence components which showed signif-
icant correlations with the prescription antibiotic errors
ratio were the therapeutic plan (p=-0.454, 95% CI -0.713

to -0.135, p<0.05) and the patient’s assessment (p=-
0.351, 95% CI -0.585 to -0.097, p <0.05). The prescription
(p=-0.627, 95% CI -0.771 to -0.46, p < 0.05) and the global
assessment of knowledge and skills items (p=-0.45, 95%
CI -0.68 to -0.192, p<0.05) also showed significant cor-
relations with prescription antibiotic errors ratio.

To know if the clinical competence was useful to
predict the antibiotic prescription errors, we used
a linear regression (Bp=-17.085, B;=-0.33, p<0.05,
95% CI=-31.005 to -3.16, R*>= 0.11, Fig. 4), which
remained significant after controlling for the effect
of gender and time elapsed since graduation from
medical school (Bp=-0.469, $;=-0.418, p<0.01, 95%
CI=-0.723 to -0.19, R?>= 0.11).

Exploratory factorial analysis

We performed an exploratory factor analysis (EFA) to
describe additional unobserved variables of clinical
competence with the modified OSCE which correlate
with the antibiotic prescription errors ratio. Two factors
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Fig. 2 Antibiotic prescription errors ratio using “the 5 rights” (antibiotic, dose, administration route, time of treatment and administration and
patient) in each OSCE station

explained 69% of variance using maximum likelihood
extraction method.

Factor 1 comprises anamnesis, physical examination,
communication and patient and for factor 2 include ther-
apeutic plan, prescription, diagnosis, and laboratory and
imaging tests. We labeled factor 1 socio-clinical skills and
factor 2 diagnostic-therapeutic skills. The oblique rota-
tion was considered, although the orthogonal rotation
using Equamax achieved a simple structure and easier
interpretation, as shown in Fig. 5.

Figure 5 shows a factor plot in rotated factor space
with the Equamax method. The x-axis shows the loadings
for factor 1 and the y-axis shows the loadings for factor
2 Factor loading is basically the correlation coefficient
(dimensionless) for the variable and factor. Factor loading
shows the variance explained by the variable on that fac-
tor. The items are organized in the common factor space
and shows its contributions to each factor, global assess-
ment of knowledge and skills is the item that contributes
to the 2 factors and is a complex variable. Therapeutic
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Fig. 3 Antibiotic prescription errors severity ratio (NCC MERP Index) in each OSCE station

plan item has the highest contribution to factor 1 and
communication to factor 2.

Factor 2, diagnostic-therapeutic skills was correlated
with antibiotic prescription error ratio (r=-0.536, 95% CI
-9.24 to -3.43, p<0.001). To know if the factor 2 was use-
ful to predict the antibiotic prescription errors, we used
a multiple linear regression controlling for the effect of
gender and time elapsed since graduation from medical
school (B8p=-0.047, B;=-0.552, p<0.01, 95% CI=-0.064
to -0.027, R?= 0.27).

Discussion

Our results show a negative correlation between clinical
competence and the antibiotic prescription error ratio.
The strength of association increased when we corrected
the attenuation and considered sex and months since the
physician’s graduation from medical school. This study
characterizes the influence of clinical competence on the
antibiotic prescription of junior physicians. In addition, it
shows the role of the attributes of clinical competence in

antibiotic prescription errors. Our results give measures
to some points that were explored in qualitative research
in United Kingdom, which developed an educational tool
which delivered knowledge in (i) principles of antimi-
crobial prescribing, (ii) diagnosis of infections, (iii) clini-
cal review of patients with infections, (iv) prescribing in
the context of antimicrobial resistance, and (v) the role
of laboratory testing and test results in prescribing [61].
Previous studies describe that dosage calculation is a par-
ticular cognitive challenge, which had the higher error
in all stations in our study [62]. Our study is the first to
demonstrate that the clinical competence, assessed with
an OSCE, is predictive of antibiotic prescription errors.
The correlation between clinical competence and
errors in antibiotic prescription increases to p=-0.68
with the Spearman correction for attenuation compared
to Pearson’s correlation coefficient. Spearman’s correc-
tion for attenuation has proven useful over the years pri-
marily because it allows researchers to determine what
the linear relationship would be between two variables, X
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and Y, if all measurement errors were removed from one
or both variables. Spearman’s correction uses the inter-
nal consistency of the items as the divisor. Then, Spear-
man’s correction will increase if the internal consistency
is low. The correction is especially useful for looking at
the strength of theoretical relationships between vari-
ables undistorted by measurement errors [58]. However,
we preferred focus on original value of Pearson’s corre-
lation because the internal consistency of frequency of
prescription errors is poor. The reason may be that the
frequency of antibiotic prescription errors is case spe-
cific, which means that antibiotic prescription errors on
one clinical case did not necessarily predict antibiotic
prescription errors in another [63].

The implemented OSCE is reliable because its internal
consistency measured with Cronbach’s alpha and gener-
alizability coefficient is higher than reported values of the
systematic review of the literature [17, 19].

Despite the fact that this OSCE is specifically aimed to
evaluate prescriptions in settings of infectious diseases
consultation, our score is similar to a study in 7 genera-
tions of physicians, just at the end of their medical degree
[20]. Moreover, similar scores were reported in Switzer-
land and the United States of America [64, 65].

Interestingly, the antibiotic prescription error ratio
in this study is higher than the previous international
reports [4, 5, 11, 66, 67], but similar to national estimates
[6, 68]. In a prospective cohort study, the antibiotics pre-
scription error ratio was 18% in patients hospitalized in
internal medicine wards. Moreover, patients with adverse
drug events (ADEs) had more antibiotics prescriptions
errors; the most common infectious diseases were uri-
nary tract infection and pneumonia [66]. We included
recommended diagnoses in Delphi’s consensus from the
Netherlands [69], urinary tract infections and pneumonia
in our OSCE.

The antibiotic and dose errors in acute pyelonephri-
tis and gastroenteritis are very high. We noted that
national guidelines were outdated and did not consider
the current antimicrobial resistance rates and current
recommendations regarding first-line treatment for pye-
lonephritis. The only treatment available to acute pyelo-
nephritis in outpatient settings is ertapenem because
E. coli has>34% ciprofloxacin resistance and >30% cef-
triaxone resistance in Mexico. The problem is similar
with gastroenteritis, where the only treatment available
was azithromycin. Gharbi et al. proposed the topic “pre-
scribing in the context of antimicrobial resistance” in
the intervention to optimize prescribing practice. Omit-
ting antimicrobial resistance is a deficiency in the medi-
cal curriculum. However, the use of outdated national
guidelines in a country and the quick increase of antimi-
crobial resistance may be outside the scope of medical
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education. Furthermore, getting updated information
could be complicated in the clinical environment, espe-
cially with the patient. This is an area of opportunity to
improve training in the prescription of antimicrobials in
Mexico to promote evidence-based prescription in an
outpatient setting.

One of the objectives of the study was to find items and
attributes of clinical competence that are associated with
antibiotic prescription error ratio. The therapeutic plan,
which is a component of clinical competence, showed a
negative correlation with antibiotic prescription errors.
In addition, we introduced a prescription item in syn-
thetic guidelines for the rater in the OSCE to assess the
medical prescription making process; this prescription
item showed a strong negative correlation with antibiotic
prescription errors and high internal consistency with
other items. We translated the frequency of errors (“5
rights” of each prescription) into an item. Then, it allowed
assessment by the OSCE rater using a rating scale. The
correlation with the frequency of prescription errors is
logic and is a proof of the good assessment of raters. In
the future, the prescription item could be included in the
components of clinical competence score to get a better
assessment.

The current clinical competence score only explains
11% of antibiotic prescription errors ratio in the linear
model; indicating potentially unobserved phenomena
which additionally contribute to prescription error and
which should be evaluated in the future studies, particu-
larly the complex interaction of health care culture with
antimicrobial prescription [70].

Many factors influence prescription errors: lack of
knowledge regarding drug therapy, lack of knowledge
about patient factors that affect drug therapy, calcula-
tions and terminology [5, 71]. They are preventable
and are ranked according to their frequency [4, 72]. We
measured the medication errors at the prescribing stage
in antibiotics because of its important implications and
the high frequency of errors in this group. The OSCE
measured the application of knowledge in a task, and
the items regarding prescription and therapeutic plans
took into consideration the common factors reported
in medication errors. Of note, most of the antibiotic
prescription errors severity fell in category E (65.2%),
indicating a high severity and a necessity of interven-
tion in patient care. A second therapeutic intervention
in patients with an infectious disease has many clini-
cal consequences, it increases the cost, leads to antibi-
otic resistance and increases mortality [8, 73, 74]. The
impact of these errors in patient’s outcomes and the
mediating effect of clinical competence in moderat-
ing this impact should be a focus for future studies and
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could indicate potential areas for intervention within
medical education curriculum.

Our results support an association between clinical
competence and antibiotic prescription error ratio. Nota-
bly, the diagnosis item was not correlated with antibiotic
prescription errors, but only the therapeutic plan. A pos-
sible explanation is that most errors occur along the ther-
apeutic reasoning process.

All components of clinical competence have relation
and sequential logic. Nevertheless, we identified that
these items primarily clustered into two factors. Explora-
tory factorial analysis shows two underlying factors of the
items. Diagnostic-therapeutic skills have a moderate cor-
relation with antibiotic prescription errors. Socio-clinical
skills were not related. Thus, the correlation emphasized
the relevance of this underlying factor within the con-
struct of clinical competence.

The contributions of this research to medical educa-
tion are four-fold: First, we showed the possible factors
underlying the OSCE’s items and most importantly, the
relationship between medical competence and antibi-
otic prescription errors. Second, we characterized the
influence of clinical competence in antibiotic prescrip-
tion errors and suggesting areas of opportunity for future
research in other factors that have influence in antibi-
otic prescription errors (eg. usual prescriptions in local
healthcare institutions, searching information skills with
devices in healthcare environment and the standard
answers of exams to enter in a medical specialty course
and slips or lapses of deficit in attention). Third, we pro-
posed a method to quantify antibiotic prescription errors
in a controlled environment which is safe to the patients
and physicians using a reliable OSCE which is specific for
infectious diseases. Four, we show the potential relevance
of including the human error and patient safety in the
medical as well as a practical training process to improve
antimicrobials prescription.

If we want to improve medical education to reduce
prescription errors, we need to continue this research
field. We suggest assessing different interventions in the
clinical competence and quantifying the antibiotic pre-
scription errors. Future studies may include simulation
training to increase clinical competence and to give feed-
back. In addition, interventions should include prescrib-
ing in the context of antimicrobial resistance.

Limitations

Medical residents voluntarily participated in this
study, and we did not assess medical residents who
refused the test, which could introduce bias in the
results if clinical competence might have factored into
this decision. We consider that the voluntary partici-
pation lead a minimum use of the simulation [75, 76]
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and the effect of motivation remains unknown; how-
ever, the time of the OSCE, residents did not have
access barriers and the reason may be the perception
of OSCE. Moreover, residents selected these institu-
tions previously with their own selection process and
clinical competence might be skewed in this process
compared to the general population of junior residents
in Mexico. Furthermore, overrepresentation of pedi-
atrics residents might reduce representativeness for
other medical specialties. For these reasons, the score
may not be a representative measure of the clinical
competence across all general physicians.

In addition, slips, lapses and mistakes were consid-
ered as the same error in this study because our tools
and resources did not allow discriminating them. The
author of OSCE stations (MD, cPhD) and two spe-
cialists in Infectious Diseases agreed on severity of
antibiotic prescription errors using the National Coor-
dinating Council for Medication Errors Reporting and
Prevention (NCC MERP) index, but it was not inde-
pendent agreement. We did not measure inter inter-
rater reliability.

Another potential source of bias is medical residents
previous experience with OSCE. The effect on scores
from medical residents with previous experience with
OSCE remains unknown, although the evidence shows
that it does not modify subsequent performance scores
[77]. Previous experience is highly dependent on the uni-
versity of origin and its assessment methods; however,
OSCE exposure and subsequent performance has shown
a weak correlation [78]. Additionally, the OSCE is a simu-
lation and may be inflexible, and its performance in supe-
rior years of specialty course is unknown.

Conclusions

We observed a negative correlation between clinical com-
petence and antibiotic prescription error ratio in junior
medical residents who have been accepted to a medical
specialty. The therapeutic plan, which is a component of
clinical competence score, and the prescription skills had
a negative correlation with antibiotic prescription errors.
The most frequent mistakes in antibiotic prescriptions
errors would require a second intervention.

Our findings contribute to the evolving understand-
ing of medication errors in the prescription stage of
antibiotics. Assessing is a part of medical curriculum
and medical education. We developed a method to
measure the antibiotic prescription errors without risk
to the patients. This study adds important evidence
to improve the curriculum and medical education to
avoid antibiotic prescription errors, thus increasing
patient safety and reducing costs, mortality and anti-
biotic resistance.



Martinez-Dominguez et al. BMC Medical Education (2022) 22:456

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512909-022-03499-0.

Additional file 1: Supplementary figure 1. Plot of the number of meth-
ods that suggest the number of factors to retain. The choice of 2 dimen-
sions is supported by 8 (34.78%) methods. Supplementary figure 2.
Scree plot that shows the eigen values of factors and components.

Acknowledgements

All authors approved the submitted version. All the authors would like to
thank the staff of the Medical Education Department, Nacional Institute of
Pediatrics and “Manuel Gea Gonzélez" General Hospital for their support.
Thanks specially to Dr. Omar Bello-Chavolla, Dr. Héctor Manuel Prado-
Calleros, Dr. Elvira Castro-Martinez, Dr. Carlos Jiménez-Gutiérrez, Dr. Juan
Pablo Ramirez-Hinojosa and Dr. Irma Jiménez-Escobar. Joshua Martinez-
Dominguez is enrolled at the PECEM program of the Faculty of Medicine at
UNAM and is supported by CONACYT.

Authors’ contributions

JM planned and conducted the study. OS conducted the participation
of medical residents and inter-institutional cooperation. AG planned the
clinical cases and treatments. AT applied the OSCE. MS supervised data
analysis and resource management. EO planned the clinical cases and
treatments. MV conducted the participation of medical residents. CG
supervised the report writing. JN supervised data analysis. AM planned,
supervised and is responsible for the study. The author(s) read and
approved the final manuscript.

Funding

This study was funded by Coordination of Educational Development and Cur-
ricular Innovation (CODEIC) of the National Autonomous University of Mexico
(UNAM) with a research budget, without grant/award number.

Availability of data and materials

All data (data base in.sav format)) and materials (guidelines for the examiner
and rating scales) are available under reasonable request by writing to the
email adrianmartinez38@gmail.com.

Declarations

Ethics approval and consent to participate

This study was approved by research and ethics committees of three institu-
tions: “Manuel Gea Gonzalez” General Hospital (approval no. 39-26-2018), “Sal-
vador Zubirdn"National Institute of Medical Sciences and Nutrition (approval
no. 2863) and the National Autonomous University of Mexico (UNAM) Faculty
of Medicine, (approval no. 021/PECEM/2018). The study was conduct accord-
ing with national regulations. The identity of the residents was anonymized
by masking, pseudo-anonymization, and aggregation. All residents signed the
informed consent document.

Consent for publication
All authors and participants approved the publication of this study.

Competing interests
The authors report no declarations of interest.

Author details

!Coordination of Educational Development and Curricular Innovation
(CODEIC), National Autonomous University of Mexico (UNAM), Mexico City,
México. 2Faculty of Medicine, National Autonomous University of Mexico
(UNAM), Mexico City, México. 3Manuel Gea Gonzalez General Hospital,
Mexico City, México. “Salvador Zubiran National Institute of Medical Sciences
and Nutrition, Mexico City, México. >National Institute of Pediatrics, Mexico
City, México. Internal Medicine, Salvador Zubiran National Institute of Medical
Sciences and Nutrition, Mexico City, México. 7Imemship and Social Service,
Faculty of Medicine, National Autonomous University of Mexico (UNAM),
Mexico City, México. 8Chemistry Institute, National Autonomous University

Page 12 of 14

of Mexico (UNAM), Mexico City, México. °Public Health Department, Faculty
of Medicine, National Autonomous University of Mexico (UNAM), Mexico City,
México. '°Consejos académicos, Circuito exterior, Ciudad Universitaria, C. P
04510, Coyoacan, Ciudad de México, México.

Received: 25 January 2021 Accepted: 17 May 2022
Published online: 14 June 2022

References

1. Grober ED, Bohnen JMA. Defining medical error. Can J Surg.
2005;48(1):39-44. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
15757035.

2. Kohn LT, Corrigan JM, Molla S. To Err Is Human: Building a Safer Health
System. Washington (DC): National Academies Press (US); 2000.

3. Norman GR, Eva KW. Diagnostic error and clinical reasoning. Med Educ.
2010;44(1):94-100. Available from: http://www.ncbi.nlm.nih.gov/pub-
med/20078760.

4. Bobb A, Gleason K, Husch M, Feinglass J, Yarnold PR, Noskin GA. The
epidemiology of prescribing errors: the potential impact of computerized
prescriber order entry. Arch Intern Med. 2004;164(7):785-92. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/15078649.

5. LesarTs, Briceland L, Stein DS. Factors related to errors in medication
prescribing. JAMA. Jan [cited 21 Apr 2016];277(4):312-7. Available from:
http//www.ncbi.nlm.nih.gov/pubmed/9002494

6. Lavalle-Villalobos A, Payro-Cheng TDJ, Martinez-Cervantes KA, Torres-
Narvéez P Herndndez-Delgado L, Flores-Nava G. El error médico en la
prescripcion de medicamentos y el impacto de una intervencion edu-
cativa. Bol Med Hosp Infant Mex. 2007 [cited 12 Mar 2018];64. Available
from: http://www.medigraphic.com/pdfs/bmhim/hi-2007/hi072c.pdf

7. Sabtu N, Enoch DA, Brown NM. Antibiotic resistance: what, why, where,
when and how? Br Med Bull. 2015[cited 2017 Oct 19];116:1dv041. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/26491083

8. Paul M, ShaniV, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic
review and meta-analysis of the efficacy of appropriate empiric antibiotic
therapy for sepsis. Antimicrob Agents Chemother. 2010;54(11):4851-63.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20733044.

9. Kumar A, Ellis B, Arabi Y, Roberts D, Light B, Parrillo JE, et al. Initiation of
inappropriate antimicrobial therapy results in a fivefold reduction of
survival in human septic shock. Chest. 2009;136(5):1237-48.

10. Nuckols TK, Smith-Spangler C, Morton SC, Asch SM, Patel VM, Anderson
LJ, et al. The effectiveness of computerized order entry at reducing pre-
ventable adverse drug events and medication errors in hospital settings:
A systematic review and meta-analysis. Syst Rev. 2014;3(1):1-12.

11. Delgado Sanchez O, Escriva Torralva A, Vilanova Bolté M, Serrano Lopez
de las Hazas J, Crespi Monjo M, Pintefio Blanco M, et al. [Comparative
study of errors in electronic versus manual prescription]. Farm Hosp
6rgano Of expresion cientifica la Soc Espafiola Farm Hosp. Jan [cited 6
Apr 2016];29(4):228-35. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/16268738

12. Epstein RM. Assessment in medical education. N Engl J Med.
2007;356(4):387-96. Available from: http://www.ncbi.nlm.nih.gov/pub-
med/17251535.

13. Norman G. Defining Competence: A Methodological Review. In:
Assessing Clinical Competence. Springer Publishing Company. Nueva
York. 1985.

14. Harden RM, Stevenson M, Downie WW, Wilson GM. Assessment of
clinical competence using objective structured examination. Br Med
J.1975;1(5955):447-51. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/1115966.

15. Harden RM, Liley P, Patricio M. The definitive Guide to the OSCE: The
objective Structured Clinical Examination as a performance assessment.
Edinburgh; Elsevier: 2016.

16. Zayyan M. Objective structured clinical examination: the assessment of
choice. Oman Med J. 2011 Jul [cited 2016 Sep 8];26(4):219-22. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/22043423

17. Trejo-Mejia JA, Sdnchez-Mendiola M, Méndez-Ramirez |, Martinez-
Gonzélez A. Reliability analysis of the objective structured clinical exami-
nation using generalizability theory. Med Educ Online. 2016,21(1):31650
(http//www.ncbi.nlm.nih.gov/pubmed/27543188).


https://doi.org/10.1186/s12909-022-03499-0
https://doi.org/10.1186/s12909-022-03499-0
http://www.ncbi.nlm.nih.gov/pubmed/15757035
http://www.ncbi.nlm.nih.gov/pubmed/15757035
http://www.ncbi.nlm.nih.gov/pubmed/20078760
http://www.ncbi.nlm.nih.gov/pubmed/20078760
http://www.ncbi.nlm.nih.gov/pubmed/15078649
http://www.ncbi.nlm.nih.gov/pubmed/9002494
http://www.medigraphic.com/pdfs/bmhim/hi-2007/hi072c.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26491083
http://www.ncbi.nlm.nih.gov/pubmed/20733044
http://www.ncbi.nlm.nih.gov/pubmed/16268738
http://www.ncbi.nlm.nih.gov/pubmed/16268738
http://www.ncbi.nlm.nih.gov/pubmed/17251535
http://www.ncbi.nlm.nih.gov/pubmed/17251535
http://www.ncbi.nlm.nih.gov/pubmed/1115966
http://www.ncbi.nlm.nih.gov/pubmed/1115966
http://www.ncbi.nlm.nih.gov/pubmed/22043423
http://www.ncbi.nlm.nih.gov/pubmed/27543188

Martinez-Dominguez et al. BMC Medical Education

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

(2022) 22:456

Swanson DB, van der Vleuten CPM. Assessment of Clinical Skills With
Standardized Patients: State of the Art Revisited. Teach Learn Med.
2013;25(SUPPL.1):37-41.

Brannick MT, Erol-Korkmaz HT, Prewett M. A systematic review of the
reliability of objective structured clinical examination scores. Med Educ.
2011;45(12):1181-9.

Martinez-Gonzalez A, Sénchez-Mendiola M, Méndez-Ramirez |, Trejo-
Mejia JA. Level of clinical competence in seven cohorts of medical
students at the end of the internship. Gac Med Mex. 2016;152(5):439-43.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/27792705.
Martinez Gonzélez A, Trejo Mejia JA. ;Como realizar un ECOE? Investig en
Educ médica. 2018;7(28):98-107.

Timothy R Sterling. Treatment of drug-susceptible pulmonary tubercu-
losis in HIV-uninfected adults - UpToDate. UpToDate. 2017 [cited 15 Jan
2018]. Available from: https://www-uptodate-com.pbidi.unam.mx:2443/
contents/treatment-of-drug-susceptible-pulmonary-tuberculosis-in-hiv-
uninfected-adults?search=tuberculosis&source=search_result&selec
tedTitle=3~150&usage_type=default&display_rank=3

Nahid P, Dorman SE, Alipanah N, Barry PM, Brozek JL, Cattamanchi A,

et al. Official American thoracic society/centers for disease control

and prevention/infectious diseases society of America clinical practice
guidelines: treatment of drug-susceptible tuberculosis. Clin Infect Dis.
2016;63(7):147-95. https://doi.org/10.1093/cid/ciw376.

Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, Desmond

E, et al. Official American thoracic society/infectious diseases society

of America/centers for disease control and prevention clinical practice
guidelines: diagnosis of tuberculosis in adults and children. Clin Infect Dis.
2017,64(2):e1-33. https://doi.org/10.1093/cid/ciw694.

Secretarfa de Salud. Gufa de Practica Clinica. Diagndstico y Tratamiento
de Casos Nuevos de Tuberculosis Pulmonar. Centro Nacional de Excelen-
cia Tecnoldgica en Salud, editor. Catalogo Maestro de Guias de Practica
Clinica. México; 2009 [cited 28 Dec 2017]. Available from: http://www.
cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/070_GPC_Casos
nvosTBP/Tuberculosis_casos_nuevos_ER_CENETEC.pdf

Thomas M Hooton,, Kalpana Gupta. Acute uncomplicated cystitis and
pyelonephritis in women - UpToDate [Internet]. UpToDate. 2017 [cited

4 Dec 2017]. Available from: https://www-uptodate-com.pbidi.unam.
mx:2443/contents/acute-uncomplicated-cystitis-and-pyelonephritis-in-
women?source=search_result&search=infeccion de vias urinaria&select
edTitle=2~150#H899949220

Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG, et al.
International clinical practice guidelines for the treatment of acute
uncomplicated cystitis and pyelonephritis in women: a 2010 update by
the infectious diseases society of America and the European society for
microbiology and infectious diseases. Clin Infect Dis. 2011;52(5):e103-20.
https://doi.org/10.1093/cid/ciq257.

Consejo de Salubridad General. Diagnéstico y tratamiento de la pielone-
fritis aguda no complicada en el adulto. Catadlogo Maest Guias Practica
Clinica. 2014 [cited 2017 Dec 4]; Available from: http://www.cenetec.
salud.gob.mx/descargas/gpc/CatalogoMaestro/451_GPC_Pielonefritis_
aguda/GRR_Pielonefritis_aguda.pdf

WHO Guidelines for the Treatment of Treponema pallidum (Syphilis).
WHO Guidelines for the Treatment ofTreponema pallidum(Syphilis).
World Health Organization; 2016 [cited 2018 Mar 1]. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27631046

Secretarfa de Salud. Enfermedades de transmision sexual en el adoles-
cente y adulto que producen Ulceras genitales: herpes, sifilis, chancroide,
linfogranuloma venéreo y granuloma inguinal. Cent Nac Excel Tec-
nolégica en Salud. 2009 [cited 2018 Mar 1]; Available from: http://www.
cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/094_GPC_ETSad
olescyadulto/ENF_SEXUALES_EVR_CENETEC2.pdf

. Hicks CB, Clement M. Syphilis: Treatment and monitoring - UpToDate.

UpToDate. 2018 [cited 2018 Mar 1]. Available from: https://www-uptod
ate-com.pbidi.unam.mx:2443/contents/syphilis-treatment-and-monit
oring?source=see_link#H658733542

Mexicanos GF de los EU. Guia de Referencia Rpida Evidencias y Recomen-
daciones. IMSS-234-09. 2009 [cited 2017 Aug 31];1-11. Available from:
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/234_
IMSS_09_Neumonia_comunidad_adultos/RR_IMSS_234_9.pdf

Treatment of community-acquired pneumonia in adults in the outpatient
setting - UpToDate. uptodate.com. 2017 [cited 2017 Aug 31]. Available

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 13 of 14

from: https.//www-uptodate-com.pbidi.unam.mx:2443/contents/treat
ment-of-community-acquired-pneumonia-in-adults-in-the-outpatient-
setting?source=search_result&search=pneumonia&selectedTitle=
1~150#H11

Levy ML, Jeune | Le, Woodhead MA, Macfarlane JT, Lim WS. Primary care
summary of the British Thoracic Society Guidelines for the management
of community acquired pneumonia in adults: 2009 update Endorsed by
the Royal College of General Practitioners and the Primary Care Respira-
tory Society UK. Prim Care Respir J. 2010;19(1):21-7. Available from:
http://www.nature.com/articles/pcrj201014

Consejo de salubridad general de Mexico. Guia de referencia rapida Diag-
nostico y tratamiento de la faringoamigdalitis aguda. 2010;41:7. Available
from: http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMa
estro/073_GPC_Faringoamgaguda/Faringo_Rapida_CENETEC pdf
Pelucchi C, Grigoryan L, Galeone C, Esposito S, Huovinen P, Little P, et al.
Guideline for the management of acute sore throat. Clin Microbiol Infect.
2012;18:1-27. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
22432746.

Chow AW, Doron S. Evaluation of acute pharyngitis in adults. UpToDate.
2016 [cited 11 Sep 20171;1-9. Available from: https://www-uptodate-
com.pbidi.unam.mx:2443/contents/evaluation-of-acute-pharyngitis-in-
adults?source=search_result&search=faringitis&selectedTitle=1~150
Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G, et al.
Clinical practice guideline for the diagnosis and management of group A
streptococcal pharyngitis: 2012 update by the Infectious Diseases Society
of America. Clin Infect Dis. 2012;55(10):e86-102. Available from: https:.//
www.idsociety.org/uploadedFiles/IDSA/Guidelines-Patient_Care/PDF _
Library/2012StrepGuideline.pdf

Choby BA. Diagnosis and treatment of streptococcal pharyngitis. Am Fam
Physician. 2009;79(5):383-90. Available from: http://www.aafp.org/afp/
2009/0301/p383.html.

Kalra MG, Higgins KE, Perez ED. Common Questions About Streptococcal
Pharyngitis. Am Fam Phys. 2016 [cited 11 Sep 2017];94(1):24-31. Available
from: www.aafp.org/afp

LaRocque R, B Harris J. Approach to the adult with acute diarrhea in
resource-rich settings - UpToDate. 2017 [cited 9 Nov 2017]. Available
from: https://www-uptodate-com.pbidi.unam.mx:2443/contents/
approach-to-the-adult-with-acute-diarrhea-in-resource-rich-settings?
source=search_result&search=gastroenteritisbacterianaaguda&selec
tedTitle=2~150

Consejo de Salubridad General. Atencién, diagndstico y tratamiento de
Diarrea Aguda en Adultos en el primer nivel de atencion. Catdlogo Maest
gufas practica clinica SSA-106-08. [cited 9 Nov 2017]; Available from:
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/
106_GPC_Diarreaagudaadultos/SSA_106_08_GRR.pdf

Riddle MS, DuPont HL, Connor BA. ACG clinical guideline: diagnosis,
treatment, and prevention of acute diarrheal infections in adults. Am J
Gastroenterol. 2016;111(5):602-22. https://doi.org/10.1038/ajg.2016.126.
Heidi Swygard., Arlene C Sefia.,, Myron S Cohen. Treatment of uncompli-
cated gonococcal infections - UpToDate. UpToDate. 2017 [cited 21 Dec
2017]. Available from: https://www-uptodate-com.pbidi.unam.mx:2443/
contents/treatment-of-uncomplicated-gonococcal-infections?search=
gonorrea&source=search_result&selectedTitle=1~150&usage_type=
default&display_rank=1

Bignell C, Unemo M, Radcliffe K, Jensen JS, Babayan K, Barton S, et al.
2012 European guideline on the diagnosis and treatment of gonorrhoea
in adults. Int J STD AIDS. 2013;24(2):85-92. Available from: http://www.
ncbi.nim.nih.gov/pubmed/24400344.

Workowski KA, Bolan GA, Centers for Disease Control and Prevention. Sex-
ually transmitted diseases treatment guidelines, 2015. MMWR Recomm
Reports Morb Mortal Wkly Report Recomm reports. 2015;64(11):1-137.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26042815.
Consejo de Salubridad General. Prevencion, diagndstico, tratamiento

y referencia de la gonorrea en el primer y segundo nivel de atencion.
Catélogo Maest Guias Préctica Clinica Cent Nac Excel Tecnolégica en
Salud. 2014 [cited 2017 Dec 21]; Available from: http://www.cenetec-
difusion.com/CMGPC/SS-729-14/RR.pdf

WHO Guidelines for the Treatment of Neisseria gonorrhoeae [Internet].
WHO Guidelines for the Treatment of Neisseria gonorrhoeae. World
Health Organization; 2016 [cited 21 Dec 2017]. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/27512795


http://www.ncbi.nlm.nih.gov/pubmed/27792705
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-drug-susceptible-pulmonary-tuberculosis-in-hiv-uninfected-adults?search=tuberculosis&source=search_result&selectedTitle=3~150&usage_type=default&display_rank=3
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-drug-susceptible-pulmonary-tuberculosis-in-hiv-uninfected-adults?search=tuberculosis&source=search_result&selectedTitle=3~150&usage_type=default&display_rank=3
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-drug-susceptible-pulmonary-tuberculosis-in-hiv-uninfected-adults?search=tuberculosis&source=search_result&selectedTitle=3~150&usage_type=default&display_rank=3
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-drug-susceptible-pulmonary-tuberculosis-in-hiv-uninfected-adults?search=tuberculosis&source=search_result&selectedTitle=3~150&usage_type=default&display_rank=3
https://doi.org/10.1093/cid/ciw376
https://doi.org/10.1093/cid/ciw694
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/070_GPC_CasosnvosTBP/Tuberculosis_casos_nuevos_ER_CENETEC.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/070_GPC_CasosnvosTBP/Tuberculosis_casos_nuevos_ER_CENETEC.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/070_GPC_CasosnvosTBP/Tuberculosis_casos_nuevos_ER_CENETEC.pdf
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-uncomplicated-cystitis-and-pyelonephritis-in-women?source=search_result&search=infeccion
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-uncomplicated-cystitis-and-pyelonephritis-in-women?source=search_result&search=infeccion
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-uncomplicated-cystitis-and-pyelonephritis-in-women?source=search_result&search=infeccion
https://doi.org/10.1093/cid/ciq257
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/451_GPC_Pielonefritis_aguda/GRR_Pielonefritis_aguda.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/451_GPC_Pielonefritis_aguda/GRR_Pielonefritis_aguda.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/451_GPC_Pielonefritis_aguda/GRR_Pielonefritis_aguda.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27631046
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/094_GPC_ETSadolescyadulto/ENF_SEXUALES_EVR_CENETEC2.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/094_GPC_ETSadolescyadulto/ENF_SEXUALES_EVR_CENETEC2.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/094_GPC_ETSadolescyadulto/ENF_SEXUALES_EVR_CENETEC2.pdf
https://www-uptodate-com.pbidi.unam.mx:2443/contents/syphilis-treatment-and-monitoring?source=see_link#H658733542
https://www-uptodate-com.pbidi.unam.mx:2443/contents/syphilis-treatment-and-monitoring?source=see_link#H658733542
https://www-uptodate-com.pbidi.unam.mx:2443/contents/syphilis-treatment-and-monitoring?source=see_link#H658733542
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/234_IMSS_09_Neumonia_comunidad_adultos/RR_IMSS_234_9.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/234_IMSS_09_Neumonia_comunidad_adultos/RR_IMSS_234_9.pdf
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-community-acquired-pneumonia-in-adults-in-the-outpatient-setting?source=search_result&search=pneumonia&selectedTitle=1~150#H11
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-community-acquired-pneumonia-in-adults-in-the-outpatient-setting?source=search_result&search=pneumonia&selectedTitle=1~150#H11
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-community-acquired-pneumonia-in-adults-in-the-outpatient-setting?source=search_result&search=pneumonia&selectedTitle=1~150#H11
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-community-acquired-pneumonia-in-adults-in-the-outpatient-setting?source=search_result&search=pneumonia&selectedTitle=1~150#H11
http://www.nature.com/articles/pcrj201014
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/073_GPC_Faringoamgaguda/Faringo_Rapida_CENETEC.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/073_GPC_Faringoamgaguda/Faringo_Rapida_CENETEC.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22432746
http://www.ncbi.nlm.nih.gov/pubmed/22432746
https://www-uptodate-com.pbidi.unam.mx:2443/contents/evaluation-of-acute-pharyngitis-in-adults?source=search_result&search=faringitis&selectedTitle=1~150
https://www-uptodate-com.pbidi.unam.mx:2443/contents/evaluation-of-acute-pharyngitis-in-adults?source=search_result&search=faringitis&selectedTitle=1~150
https://www-uptodate-com.pbidi.unam.mx:2443/contents/evaluation-of-acute-pharyngitis-in-adults?source=search_result&search=faringitis&selectedTitle=1~150
https://www.idsociety.org/uploadedFiles/IDSA/Guidelines-Patient_Care/PDF_Library/2012StrepGuideline.pdf
https://www.idsociety.org/uploadedFiles/IDSA/Guidelines-Patient_Care/PDF_Library/2012StrepGuideline.pdf
https://www.idsociety.org/uploadedFiles/IDSA/Guidelines-Patient_Care/PDF_Library/2012StrepGuideline.pdf
http://www.aafp.org/afp/2009/0301/p383.html
http://www.aafp.org/afp/2009/0301/p383.html
http://www.aafp.org/afp
https://www-uptodate-com.pbidi.unam.mx:2443/contents/approach-to-the-adult-with-acute-diarrhea-in-resource-rich-settings?source=search_result&search=gastroenteritisbacterianaaguda&selectedTitle=2~150
https://www-uptodate-com.pbidi.unam.mx:2443/contents/approach-to-the-adult-with-acute-diarrhea-in-resource-rich-settings?source=search_result&search=gastroenteritisbacterianaaguda&selectedTitle=2~150
https://www-uptodate-com.pbidi.unam.mx:2443/contents/approach-to-the-adult-with-acute-diarrhea-in-resource-rich-settings?source=search_result&search=gastroenteritisbacterianaaguda&selectedTitle=2~150
https://www-uptodate-com.pbidi.unam.mx:2443/contents/approach-to-the-adult-with-acute-diarrhea-in-resource-rich-settings?source=search_result&search=gastroenteritisbacterianaaguda&selectedTitle=2~150
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/106_GPC_Diarreaagudaadultos/SSA_106_08_GRR.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/106_GPC_Diarreaagudaadultos/SSA_106_08_GRR.pdf
https://doi.org/10.1038/ajg.2016.126
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-uncomplicated-gonococcal-infections?search=gonorrea&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-uncomplicated-gonococcal-infections?search=gonorrea&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-uncomplicated-gonococcal-infections?search=gonorrea&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www-uptodate-com.pbidi.unam.mx:2443/contents/treatment-of-uncomplicated-gonococcal-infections?search=gonorrea&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
http://www.ncbi.nlm.nih.gov/pubmed/24400344
http://www.ncbi.nlm.nih.gov/pubmed/24400344
http://www.ncbi.nlm.nih.gov/pubmed/26042815
http://www.cenetec-difusion.com/CMGPC/SS-729-14/RR.pdf
http://www.cenetec-difusion.com/CMGPC/SS-729-14/RR.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27512795
http://www.ncbi.nlm.nih.gov/pubmed/27512795

Martinez-Dominguez et al. BMC Medical Education (2022) 22:456

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

Spelman D, M Baddour L. Cellulitis and skin abscess in adults: Treatment -
UpToDate [Internet]. UpToDate. 2017 [cited 25 Oct 2017]. Available from:
https://www-uptodate-com.pbidi.unam.mx:2443/contents/cellulitis-and-
skin-abscess-in-adults-treatment?source=search_result&search=celul
itis&selectedTitle=1~150#H655500289

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJC, Gorbach
SL, et al. Executive summary: practice guidelines for the diagnosis and
management of skin and soft tissue infections: 2014 update by the
infectious diseases society of America. Clin Infect Dis. 2014,59(2):147-59.
https://doi.org/10.1093/cid/ciu444.

Hooton TM, Gupta K. Acute simple cystitis in women. UpToDate. 2018 [cited
6 Nov 2018]. Available from: https.//www-uptodate-com.pbidi.unam.mx:
2443/contents/acute-simple-cystitis-in-women?search=cystitis&source=
search_result&selectedTitle=1~150&usage_type=default&display_rank=1
Consejo de Salubridad General. CENETEC. Guia de Préctica Clinica. Diag-
nostico y Tratamiento de la Infeccion Aguda, no Complicada del Tracto
Urinario en la mujer. Evidencias y Recomendaciones. CENETEC. 2009
[cited 6 Nov 2018]; Available from: http://www.cenetec.salud.gob.mx/
interior/gpc.html

Henderson AR. Testing experimental data for univariate normality. Clin
Chim Acta. 2006;366(1-2):112-29.

Vetter TR. Fundamentals of research data and variables: the devil is in the
details. Anesth Analg. 2017;125(4):1375-80.

Benjamin DM. Reducing medication errors and increasing patient safety:
case studies in clinical pharmacology. J Clin Pharmacol. 2003;43(7):768-
83. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12856392.
Garfield S, Reynolds M, Dermont L, Franklin BD. Measuring the severity of
prescribing errors: a systematic review. Drug Saf. 2013;36(12):1151-7.
Tavakol M, Dennick R. Making sense of Cronbach'’s alpha. Int J Med Educ.
2011;2:53. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4205511/.

Nicewander WA. Modifying spearman’s attenuation equation to yield
partial corrections for measurement error—with application to sample
size calculations. Educ Psychol Meas. 2018;78(1):70-9.

Dean J. Choosing the right type of rotation in PCA and EFA. Shiken JALT
Test Eval SIG Newsl. 2009;13(November):20-5.

Hulley S, Cummings S, Browner W, Grady D, Newman T. Designing clinical
research : an epidemiologic approach. 4th ed. Philadelphia: Lippincott
Williams & Wilkins; 2013.

. Gharbi M, Moore LSP, Castro-Sanchez E, Spanoudaki E, Grady C, Holmes

AH, et al. A needs assessment study for optimising prescribing practice
in secondary care junior doctors: The Antibiotic Prescribing Education
among Doctors (APED). BMC Infect Dis. 2016;16(1):1-10.

McDowell SE, Ferner HS, Ferner RE. The pathophysiology of medication
errors: how and where they arise. Br J Clin Pharmacol. 2009;67(6):605.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC27
23197/.

Wimmers PF, Fung CC. The impact of case specificity and generalisable
skills on clinical performance: a correlated traits—correlated methods
approach. Med Educ. 2008;42(6):580-8. https://doi.org/10.1111/j.1365-
2923.2008.03089.x.

Guttormsen S, Beyeler C, Bonvin R, Feller S, Schirlo C, Schnabel K, et al.
The new licencing examination for human medicine: from concept to
implementation. Swiss Med Wkly 2013 49 [Internet]. 2013;143(49). [cited
2022 Jun 6]. Available from: https://smw.ch/article/doi/smw.2013.13897.
Short MW, Jorgensen JE, Edwards JA, Blankenship RB, Roth BJ. Assessing
intern core competencies with an objective structured clinical examina-
tion. J Grad Med Educ. 2009;1(1):30-6.

Zayyad H, Yashar H, Kurnik D, Paul M. Antibiotic prescription errors in
patients hospitalized in internal medicine departments - a prospective
cohort study. Harefuah. 2019;158(5):294-8. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/31104388.

Medication Errors Technical Series on Safer Primary Care Medication
Errors: Technical Series on Safer Primary Care [Internet]. Geneva: World
Health Organization; 2016 [cited 7 Apr 2020]. Available from: http://apps.
who.int/bookorders.

Zavaleta-Bustos M, Castro-Pastrana LI, Reyes-Herndndez |, Lopez-Luna
MA, Bermudez-Camps IB. Prescription errors in a primary care university
unit: Urgency of pharmaceutical care in Mexico. Rev Bras Ciencias Farm J
Pharm Sci. 2008;44(1):115-25.

Page 14 of 14

69. Jansen BHE, Disselhorst GW, Schutte T, Jansen B, Rissmann R, Richir MC,
et al. Essential diseases in prescribing: a national Delphi study towards
a core curriculum in pharmacotherapy education. Br J Clin Pharmacol.
2018;84(11):2645-50.

70. Davey P, Marwick CA, Scott CL, Charani E, Mcneil K, Brown E, et al.
Interventions to improve antibiotic prescribing practices for hospital
inpatients. Cochrane Database Syst Rev [Internet]. 2017;2017(2). [cited
2022 Jun 6]. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6464541/.

71. Leape LL, Bates DW, Cullen DJ, Cooper J, Demonaco HJ, Gallivan T, ADE
Prevention Study Group, et al. Systems analysis of adverse drug events.
JAMA J Am Med Assoc. 1995,274(1):35-43.

72. Bates DW. Incidence of adverse drug events and potential adverse drug
events. JAMA. 1995;274(1):29. Available from: http://jama.jamanetwork.
com/article.aspx?articleid=389136.

73. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate antimicrobial treat-
ment of infections: a risk factor for hospital mortality among critically ill
patients. Chest. 1999;115(2):462-74. Available from: http://www.ncbi.nim.
nih.gov/pubmed/10027448.

74. Little P, Stuart B, Smith S, Thompson MJ, Knox K, Van Den Bruel A, et al.
Antibiotic prescription strategies and adverse outcome for uncompli-
cated lower respiratory tract infections: Prospective cough complication
cohort (3C) study. BM. 2017;357. Available from: https://www.bmj.com/
content/357/bm;jj2148

75. Chang L, Petros J, Hess DT, Rotondi C, Babineau TJ. Integrating simula-
tion into a surgical residency program. Surg Endosc 2006 213 [Internet].
2006;21(3):418-21. [cited 2022 Jun 6]. Available from: https./link.springer.
com/article/10.1007/500464-006-9051-5.

76. Gostlow H, Marlow N, Babidge W, Maddern G. Systematic review of
voluntary participation in simulation-based laparoscopic skills training:
motivators and barriers for surgical trainee attendance. J Surg Educ.
2017,74(2):306-18.

77. Madrazo L, Lee CB, McConnell M, Khamisa K, Pugh D. No observed effect
of a student-led mock objective structured clinical examination on sub-
sequent performance scores in medical students in Canada. J Educ Eval
Health Prof. 2019;22:16.

78. DongT, Zahn C, Saguil A, Swygert KA, Yoon M, Servey J, et al. The associa-
tions between clerkship objective structured clinical examination (OSCE)
grades and subsequent performance. Teach Learn Med. 2017;29(3):280-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www-uptodate-com.pbidi.unam.mx:2443/contents/cellulitis-and-skin-abscess-in-adults-treatment?source=search_result&search=celulitis&selectedTitle=1~150#H655500289
https://www-uptodate-com.pbidi.unam.mx:2443/contents/cellulitis-and-skin-abscess-in-adults-treatment?source=search_result&search=celulitis&selectedTitle=1~150#H655500289
https://www-uptodate-com.pbidi.unam.mx:2443/contents/cellulitis-and-skin-abscess-in-adults-treatment?source=search_result&search=celulitis&selectedTitle=1~150#H655500289
https://doi.org/10.1093/cid/ciu444
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-simple-cystitis-in-women?search=cystitis&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-simple-cystitis-in-women?search=cystitis&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www-uptodate-com.pbidi.unam.mx:2443/contents/acute-simple-cystitis-in-women?search=cystitis&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
http://www.cenetec.salud.gob.mx/interior/gpc.html
http://www.cenetec.salud.gob.mx/interior/gpc.html
http://www.ncbi.nlm.nih.gov/pubmed/12856392
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4205511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4205511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2723197/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2723197/
https://doi.org/10.1111/j.1365-2923.2008.03089.x
https://doi.org/10.1111/j.1365-2923.2008.03089.x
https://smw.ch/article/doi/smw.2013.13897
http://www.ncbi.nlm.nih.gov/pubmed/31104388
http://www.ncbi.nlm.nih.gov/pubmed/31104388
http://apps.who.int/bookorders
http://apps.who.int/bookorders
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6464541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6464541/
http://jama.jamanetwork.com/article.aspx?articleid=389136
http://jama.jamanetwork.com/article.aspx?articleid=389136
http://www.ncbi.nlm.nih.gov/pubmed/10027448
http://www.ncbi.nlm.nih.gov/pubmed/10027448
https://www.bmj.com/content/357/bmj.j2148
https://www.bmj.com/content/357/bmj.j2148
https://link.springer.com/article/10.1007/s00464-006-9051-5
https://link.springer.com/article/10.1007/s00464-006-9051-5

	Antibiotic prescription errors: the relationship with clinical competence in junior medical residents
	Abstract 
	Background: 
	Objective: 
	Method: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design, participants, and settings
	Objective Structured Clinical Examination (OSCE)
	Instrument design
	Instrument raters
	Standardized patients
	Bias management

	Statistical analysis
	OSCE Rating and assessment
	Relationship between clinical competence and antibiotics prescription error
	Sample size


	Results
	Study participants
	OSCE results and reliability
	Antibiotic prescription errors
	Association between clinical competence and prescription errors
	Exploratory factorial analysis

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


